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APSTRvV'CT 

JLMilTUATION  OP  VESTIBULAR  NYSTAGMUS  IN  TI-::-:  CAT  DURLNG 
SUSTArT'.'ED  AROU.SAL  PRODUCED  BY  d-.A.MP-IETAMINE 

OBJECT 

These  observations  were  designed  to  tleterniine  if  j'.abitualion  of 
ocular  livstaymus  in  total  darkness  wini.id  occur  when  cats  were  main¬ 
tained  in  a  continuous  .state  of  arousal  witii  d- ampi-.etan.'ir.e  sulfate. 

RESULTS 

Aiiioiietamioe  served  to  inc-ease  ny.stai^mic  outr-ut  of  the  druq 
group  by  nearly  60  per  cent  over  that  of  the  ci>ntrol  group,  but  tiie  dru 
group  showed  a  habituation  that  was  equal  rn  ni.ignitttce  to  that  of  the 
control  group. 

CONCLUSIONS 

A  los.s  of  nystagmic  output  docs  occur  in  cat  that  ca.nnot,  be  at¬ 
tributed  simj)ly  to  a  loss  of  v;erie ralir.cd  arousal.  Other  factors  must 
be  of  importance  to  the  habituation  process.  Two  factors  that  have 
been  proi^oscd,  a)  learning,  and  b)  fatigue  of  sensory  and  neural 
structures,  are  discussed. 


i 


APPROVED; 

A’ 


APPROVED^ 


APPROVED:, 

/ 


I-'REDERiCK  E.  GUEDRY,  JR..  Ph.  D 
Director,  Psychology  Division 


f  4. 


FLOYD  a;'ODELL.  Ph.  D. 
Tcv'hiiical  Director  of  Reseirch 

//  ' 

JInr 

ilAROLD  y.  GLASCOCK,'j'iy  , 
Colonel,  Medical  Corps  ' 

Co  mma^p^ing 


ii 


FiABITUATION  OF  VESTIBULAR  NYSTAGMUS  IN  THE  CAT  DURING 
SUSTAINED  AROUSAL  PRODUCED  BY  d -AMPHETAMINE 

L  INTRODUCTION 

Nystagmus  is  reduced  by  repeatedly  rotating  an  animal.  This  re¬ 
duction  of  the  response  has  been  termed  ’liabituation”  (1),  and  is  a 
■  common  finding  for  ail  birds  and  mammals  tliat  liave  been  studied. 

Alertness  is  one  important  factor  that  determines  the  magnitude 
of  the  ocular  nystagmic  reaction  (3.  5,  6,  22),  and  habituation  has  been 
attributed  entirely  to  a  reduction  of  alertness  (28).  In  a  previous 
experiment  from  this  laboratory  (7)  it  was  determined  for  cat  that  the 
arousal  reaction  precipitated  only  a  j)artial  and  temporal^  recovery  of 
nystagmic  out]3ut.  Further,  nystagnius  still  habitu.aled  under  conditions 
in  which  arousal  was  mainiaincd  by  frequent  cutaneous  electric  shocks, 
and  it  was  concluded  that  arousal  was  only  one  of  several  variables 
responsible  for  the  reduction  of  nystagmus. 

It  was  found  that  the  alerting  shocks  had  to  be  administered  at  a 
greater  frequency  ami  at  increasing  intensity  levels  in  order  to  insure 
a  flat,  desynchronized  electrocnceuhalographic  (EEC)  pattern.  In  otlier 
words,  the  cat  habituated  to  the  shocks  as  well,  a  phenomenon  that  has 
been  intensively  studied  with  auditory  stimuli  (25).  This  habituation 
to  the  shocks  was  a  shortcoming  of  the  earlier  experiment,  since  the 
maintenance  of  the  arousal  depended  upon  the  astuteness  of  the  experi¬ 
menter  in  assessing  the  EEG  and  appropriately  manipulating  the  stimu¬ 
lating  shocks. 

The  present  experiment  is  intended  to  complement  the  earlier 
results  by  controlling  arousal  with  a  drug.  ^  It  has  been  shown  (4)  that 
a  cat  is  easily  alerted  both  behaviorially  and  electrically  after  a  dose 
of  1  mg/kg  body  weight  of  d-amphetamine,  and  as  the  dosage  is  in¬ 
creased,  a  continuous  arousal  is  manifested.  This  drug  promised  to 
be  of  great  value  in  maintaining  a  continuous  arousal  without  the  com¬ 
plications  of  habituation  to  auxiliary  alerting  stimuli  as  in  tlie  previous 
experiment.  In  this  experiment,  a  group  of  animals  received  d- 
amphetamine  injections  and  was  compared  to  a  group  of  imtreated 
control  animals  on  an  identical  series  of  angular  accelerations.  All 
testing  was  performed  in  total  darkness. 

^The  author  is  indebted  to  Dr.  Seth  Sharpless,  Albert  Einstein  College 
of  Medicine,  for  suggesting  this  method  of  controlling  arousal,  and  to 
Captain  Wayne  O.  Evans,  US  Army  Medical  Research  Laboratory,  for 
advise  on  establishing  the  dosage  and  on  other  critical  details. 

1 


u. 


METHOD 


Appa ratus.  The  turntable  was  2.  4  meters  in  diameter  and  was 
eq.;ip;ji‘d  witl^  suitable  fceilback  circuitry  to  maintain  the  required  accel¬ 
eration  ijroqrams  (13).  The  cats  were  restrained  by  a  niethoc!  developed 
by  Dr.  Cesar  Fernantlez  of  the  University  of  Chicago  (17).  Under  Nem¬ 
butal  anesthesia,  a  snia’l  hole  was  'trilled  in  each  canine  tooth  (Fig.  1). 
Several  I'.ays  Utter,  and  just  prior  to  testing,  the  cat  was  wrapjied  snuggly 
in  cloth  and  fiiteil  into  a  rabbit  box.  Number  8  music  wire  (piano  wire) 
was  then  strung  through  the  holes  anti  drawn  to  a  high  tension  in  the 
special  vi.se  arrangement  shown  in  tlie  figure.  This  technique  assures 
that  tine  head  will  be  firmly  fi.xed,  a  necessary  procedure  to  prevent  in¬ 
trusion  of  tJie  disturbing  Coriolis  phenomeiia  (14). 

It  should  be  added  that  tliis  method  is  far  superior  to  tlie  casting 
technique  described  earlier  (3),  in  tliat  it  fils  all  cats  easily  and  with  little 
preparation.  Ihe  teeth  rarely  break,  do  not  decay,  and  most  important, 
the  cat  sh«.)ws  no  discomfort.  Cats,  in  the  holder,  sometimes  .sleep  if  un¬ 
disturbed. 

Each  cat  was  mounted  on  the  turntable  v.'ith  Uie  head  over  the  axis 
of  rotation  in  .a  light-j>roof,  ventilated  and  electrically  shielded  en¬ 
closure  that  has  been  used  in  previous  studies  (7).  Needle  electrodes 
were  inserted  at  the  outer  canthi  to  record  eye -movements  by  the 
electro-oculo-graphic  (EOG)  technique  (21).  An  additional  pair  of 
electrodes  was  inserted  in  skin  on  tlie  crown,  straddling  the  midlii.e, 
to  monitor  the  EEG.  The  ground  connection  was  made  to  the  wire  strung 
through  the  teeth.  EOG  potentials  were  amplified  with  a  1.4  sec  RC  time 
constant  and  all  potentials  recorded  on  an  Offner  type  T  ink-writing 
electroencephalograph. 

Subjects.  The  control  and  drug  groups  consisted  of  ten  mature  cats 

each. 

Procedure.  The  two  groups  were  identically  treated  except  that 
each  animal  in  tlie  dnig  group  received  an  into rpe ritoneal  injection  of 
d- amphetamine  sulfate  (3  mg/kg  body  weight)  in  saline  solution  60  to  90 
minutes  prior  to  the  first  trial. 

The  testing  procedure  started  with  a  period  of  10  min  in  which  the 
cat  was  maintained  quietly  in  total  darkness.  The  turntable  was  then 
set  at  a  clockwise  base  speed  of  1  RPM  by  means  of  a  brief  and  sub¬ 
threshold  acceleration,  A  series  of  acceleration  trials  followed.  A 
trial  commenced  with  a  4.  5*/sec^  acceleration  of  14.  9  sec  duration 
followed  by  a  10  sec  period  of  constant  velocity.  The  turntable  was  then 
decelerated  to  the  base  speed  of  1  RPM  with  a  subthreshold  deceleration 
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Fig.  1.  Restraint  method  developed  by  Henriksson,  Fernandez  and 
Kohut  (17).  Several  days  prior  to  testing,  holes  were  drilled  through 
the  canine  teeth  while  the  animal  was  suitably  anesthetized.  Just  prior 
to  testing,  the  wire  was  passed  through  the  holes  and  drawn  taut  in  this 
vise  arrangement.  In  the  insert,  a  gentle  retraction  of  the  lip  reveals 
the  wire  and  tooth  detail. 
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of  ,  Z8*/.sec^.  The  deceleration  required  4  min,  3  sec.  Shortly  after 
t)>e  1  RPM  base  speed  was  attained,  the  succeeding  trial  waa  commenced. 
Acceleration  trials  were  therefore  spac  ed  at  4  to  o  min  intervals.  Each 
cat  received  a  series  of  12  trials  and  was  maintained  in  total  darkness 
throughout  the  testing  period. 

The  EEG  was  monitored  for  all  cats.  The  animals  with  d-amphet- 
amine  always  displa/ed  a  fast  low  voltage  EEG  containing  a  great  deal 
of  muscle  activity.  The  control  animals,  on  the  other  hand,  would  show 
some  slower  activity  if  tliey  were  left  undisturbed.  The  experimenter 
alerted  a  control  cat  by  knocking  slvarply  on  tlie  metal  enclosure  when¬ 
ever  the  EEG  in'^icated  slow  wave  activity. 

III.  RE5UL.TS 

In  Figure  2  are  typical  e.xainples  of  nystagmus  from  a  control 
aninwl  and  from  one  under  the  influence  of  d-amplcetamine.  The  ex¬ 
amples  are  from  the  iZth  and  final  trial  of  the  experiment.  *Quantitatively 
there  are  more  nystagmic  beats  and  a  much  longer  duration  for  the  d- 
amphetaminc  animal;  qualitatively,  the  drug  animal  also  shows  sharper 
or  "crispe r”  beats  than  docs  the  control  animal. 

The  recordings  were  treated  as  in  an  earlier  paper  (7),  The  slow- 
phase  excursions  for  the  entire  period  of  the  primary  nystagmus  were 
cumulated  and  converted  into  millivolts  for  each  cat  for  each  trial.  The 
secondary  nystagmus  was  not  scored. 

In  Figure  3,  page  6,  the  averages  of  the  two  groups  of  animals 
are  plotted.  The  individual  data  from  all  animals  may  be  found  in  the 
Appendix.  The  d-amphetamino  group  always  showed  substantially  more 
nystagmic  output  than  the  control  group  throughout  the  scries  of  trials. 

Table  1,  page  7,  summarizes  the  variance  analysis  of  the  graphed 
data  in  Figure  3.  The  analysis  follows  that  described  by  Edwards  (10) 
for  use  with  repeated  measures  of  the  same  subjects.  The  test  for  sig¬ 
nificance  between  the  two  methods  (control  vs.  drug  groups)  employs  the 
mean  square  between  cats  in  the  same  group  as  the  error  term.  The 
difference  between  tlie  groups  was  found  to  be  significant  at  the  .05 
level-  The  pooled  cats  x  trials  interaction  mean  square  was  the  error 
term  for  testing  the  between  trials  variance  and  the  trials  x  methods 
interaction.  It  was  clearly  shown  that  the  trials  do  result  in  a  signifi¬ 
cant  difference  at  the  .  001  level.  The  trials  x  methods  interaction  was 
not  significant. 


d-AMPHETAMINE 


.  i  ■■  ■*  ■  a 

6  8 
TRIAL 


10 


Fig.  3.  Slow-phase  activity  of  primary  nystagmus,  in  millivolts  for  a 
series  of  12  trials.  Each  point  represents  the  average  of  10  animals 
A  trial  consisted  of  a  4.  S’/sec^  acceleration  cf  14.  9  sec  duration  fol 
lowed  by  a  long  period  of  subthreshold  deceleration.  Accelerations 
were  spaced  at  4  to  5  min  intervals. 
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IV,  DISCUSSION 

The  most  significant  aspect  of  these  data  is  that  the  animals  which 
were  maintained  in  sustained  arousal  showed  a  decrement  in  response 
with  rej)eated  testing.  This  is  in  agreement  with  the  data  of  a  previous 
experiment  (7)  in  which  sensory  methods  of  arousal  control  were  em¬ 
ployed.  Clearly,  nystagmic  output  is  dependent  only  in  part  upon  arousal 
level,  and  a  reduction  of  the  latter  docs  not  along  account  for  all  of  the 
vestibular  response  decrement  obtained  by  repeated  tests.. 

The  arousal  variable  is  of  a  generalized  nature.  An  alei  Ing  or 
attention  which  is  specific  to  the  vestibular  stimulus  is  not  required. 

The  earlier  experiment  with  cat  (7)  showed  that  either  auditory  stimuli 
or  cutaneous  electric  shocks  would  serve  to  increase  nystagmic  output. 
Further,  experiments  with  man  have  clearly  demonstrated  that  the  var¬ 
iable  may  be  defined  in  terms  of  degree  of  mental  effort.  Continuous, 
silent  mental  arithmetic  has  been  shown  to  be  more  efficacious  in  pro¬ 
ducing  a  nystagmic  response  than  attending  to  rotary  sensations  and 
signalling  subjective  events  (5).  Parenthetically,  electroencephalographic 
correlates  of  mental  effort  and  nystagmic  output  were  not  found  in  man  (6). 

This  experiment  does  not  definitely  demonstrate  that  d-amphetamine 
acts  only  by  virtue  of  assuring  a  continuous  desynchronized  EEC  and  a. 
behavioral  arousal.  This  drug  may  have  other  andperhaps  specific  effects 
on  vestibular  function.  Further  work  with  other  stimulants  is  needed. 
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The  conclusion  appears  to  hold  that  alerting  or  arousal  is  only  re¬ 
sponsible  for  part  of  the  loss  of  nystagmus  with  repeated  testing.  Other 
factors  must  be  of  importance.  Prominent  among  the  proposed  hypothe¬ 
ses  is  that  which  invokes  a  fatigue  or  at  least  some  change  in  those  nerve 
cells  associated  with  vestibular  function.  Hamberger  and  Ilyddn  (15t  16) 
have  determined  increases  in  nucleoproteins  in  the  vestibular  ganglionand 
Deiters'  nucleus  following  moderate  treatments  of  angular  accelerations 
of  the  rabbit.  Although  the  distribution  of  changes  is  appropriate,  their 
short  time  course  (48  hr)  does  not  correlate  well  with  the  long  duration 
characteristic  of  habituation.  There  is.  as  yet,  no  clear  evidence  for  a 
fatigue  explanation  and  further  work  is  required  with  sophisticated  and 
well- controlled  vestibular  experiments.  In  particular,  it  would  be  of 
imjor:ance  to  determine  if  these  changes  would  occur  in  anesthetized 
animals  in  which  habituation  is  known  not  to  occur  (11,18). 

There  is  a  third  hypotheses  for  liabituation  of  nystagmus  which 
implicates  a  learning  or  functional  alteration.  V.'hen  vision  is  permitted 
during  rotation  there  is  a  systematic  decline  of  nystagnius  with  each 
stimulation.  Dodge  (9)  and  Wendt  (27)  have  examined  this  decline  in 
detail  and  have  characterized  the  loss  of  vestibular  nystagmus  as  the 
resolution  of  the  conflict  between  competing  visual  and  vestibular  inputs, 
in  which  the  visual  input  gains  ascendency  in  determining  the  s.patial 
orientation.  A  loss  of  nystagmic  output  with  training  for  certain  oct 
cupations  is  a  common  finding;  for  example  in  pilots  (2),  and  skaters  (20). 

Thorpe  (26)  has  described  habituation  as  a  specific  form  of  learning 
in  which  the  intensity  of  a  reflex  is  reduced  if  the  reflex  is  repeatedly 
elicited  but  not  followed  by  some  significant  consequence  for  the  organ¬ 
ism.  Hood  and  Pfaltz  (18)  have  likened  nystagmus  habituation  to  this 
type  of  learning.  Of  special  relevance  to  nystagmus  habituation  is  that 
a  competition  between  sensory  inputs  is  not  a  requirement.  There  is 
some  evidence  from  electrophysiology  indicating  the  possible  neural 
correlates  underlying  this  form  of  habituation.  In  particular,  an  evoke<i 
potential  also  declines  in  amplitude  if  elicited  over  manv  occasions  in 
which  the  evoking  stimulus  is  not  paired  with  an  unconditioned  stimulus 
(see  recent  review  by  JcKn,  19).  The  precise  neural  mechanisms  that 
might  underlie  vestibular  habituation  are  a  matter  for  speculation. 
Perhaps  the  vestibular  efferents  (23,  24)  play  a  role  similar  to  that  impli¬ 
cated  for  the  auditory  efferents  in  audition  (12). 

V.  SUMMARY 

The  habituation  of  nystagmus  in  total  darkness  was  examined  for 
two  groups  of  cats.  One  group  was  maintained  in  a  continuous  arousal 
with  d-amphetamine  sulfate  and  compared  to  the  second  group  of 
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untreated  controls.  The  drug  group  displayed  nystagmus  of  nearly  60 
per  cent  greater  out].,  xt  than  the  controls  but  showed  the  same  magnitude 
of  habituation.  Ih:  data  of  this  experiment  confirm  the  earlier  ob¬ 
servations.  A  reduction  of  arousal  is  only  one  variable  respon.sible  for 
a  reduction  of  nystagmus  with  repeat.;d  testing,  and  nystagmus  still 
habituates  even  when  a  high  level  of  arousal  Is  maintained.  Other 
possible  responsible  factors  are  discussed. 
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Air  Research  and  rVveiopeent  Coemnd,  fright  Air  Develojeient  Center.  US  Air  ForO*. 
fright- Kitterson  Air  Force  Bise.  Ohio,  Attn:  D.  C.  Pitt,.  Visioa 


G.  Pitta.  Visioa 
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Copies 

AIR  Hf:.srjiRai  ant»  pr:\'n.c{’vi>T  crwANn  ccktinuo) 

1  %i  iqht  Air  IVseofch  civi  lV'V*-loa-- nt  <'*orran<3,  (^lARIAS  A^ros{jQce  S^siccJ  Library)  WAED 
"ir  ii^hi-Patterson  Air  Ccrce  pose.  Or^io 

1  Alight  Air  IVv.-Joprent  Pvwision.  IT!!  Air  Porre.  A^ffoapnce  Medicol  rivision,  Wright* 
Patterson  Air  Poire  riise.  i>:ic.  nttc,:  *‘**1.1  AS.  l.t  Col.  Stanley  rlecha 

1  Wright  Air  lV*ve  lo^r-ent  r»ivisaoo.  tff  iqht -ratt-rson  Air  Porre  bc:>e  Ohio.  Att»;.  W**'pJ)^<A 

2  Ail  Training  Coemtajd.  Clfice  of  *T-**  Srrgeon  Cei»fral*P.  RoTidulph  Air  Force  F<ose.  Texas 

1  Arctic  Aeror  rKiioaJ  Loi-cratcry.  ArO  *31.  S**ottle.  Washington.  Attn:  lobrory 

1  Assistant  for  Ground  Pofety.  U'5.P.  I'S  Air  Porce,  Washington  25,  D-  C 

1  tnt  Air  Force  ilase.  Cor.rvana  Surc-ro.*^.  tT>  ArT.y  Air  IVfcnse  Cormand,  Coloioco.  Sidings. 
Colorado.  Atta:  S^  J.  N».'*so»,  VC 

1  Lit  Air  Porre  Corr^.cer  .Air  IVvelopri-nt  Center.. OAOl  H*i.t<ui  Factors.  Pok  15. 

Colorado  Sfrin<js.  Coloiado 

1  Huxcn  Factors  iHvision.  i  irertor  c{  Research  end  Technology,  ITi  Air  Force,  liGsnii*.^*ion 
2h.  n.  C..  Atm:  .Ajr-:n  Portors  lUvision 

3  Lingley  !\e.s»-ai.'h  C**nter.  N;:tiot>aJ  Aercruulics  and  Spurv  Administration.  lijngJey  Fieid. 

Virgiiiiu.  Attn:  Idrtarian 

1  RoTe  Air  rVvelojeent  C**ntei.  Air  "eseaich  end  iJevelojcent  Comjrcr.d.  VS  Air  Force.  Griffiss. 

Air  Force  York 

2  IS  All  Force  Aerosjoce  Vedicdl  O-nter  .  f  AV,  iSA'^iSCH-PJ  Brooks  Air  Force  pinse,  Texas 

I  Air  Force  Hosiital,  -“S  A14  Pcrce  •.♦-fos|Mce  Vedical  Center  (ATIT)  •  LacitJand  Air  Force 

nise.  Tt'xcs.  Atta:  ^‘‘•^tcal  I  iMorian 

1  I'S  Air  Force.  Strcitsjic  Air  Ccir^c,  (5T'P3)  ,  Clfutt  Air  Force  Pose,  Nebraska 


GOVFrSVrATAL  •  AiTNCir.S 

*  Aroffine  ^iutiofu]  Uihcratory.  9/Cj  Goss  Avenue.  Argome.  Illinois.  Attn:  Hoyiacce 

D.  Young 

1  Centrol  Intelligence  Ag**ncy.  2430  1?.  Ptreet,  N.i’..  Washington.  D.  C..  Attn;  1331.  H&S  Bldg. 

1  Civil  Aercneciccl  Hesfirch  Institute.  FedeTaJ  Aviation  Agency,  Post  Office  Box  10d2« 

Cklohosa  City.  (Jclar.otsa 

1  Idhrory  of  Ccnqr«'ss.  Scienfce  end  Tetrr.r.b’.cwjy  Division,  Voshington  25.  D-  C..  Attn:  Pr. 

A.  J,  Jacob lus 

1  VitioTMl  Institute  of  H**aith.  lorrory ,  lAji  Idi r»g  10,  Roan  3Slld,  Bethesda  14,  Maryland, 

Attn:  Ariuisitions  Dectioa 

1  Notioml  lubrury  of  Mecirice.  7tb  4  Independence  Are,  S.I.,  Washington  25,  D,  C. 

1  National  Institutes  of  Health.  Tivision  cf  Heseorch  Grants,  Inforraticn  Cff ice, -Bethesda 

14.  Maryland 

1  Prosthetic  and  Sensory  Aids  5Wrvice,  Oiief,  Research  and  Development  rivision.  Veterans 
Adcinistration,  252  7th  Ave.,  Ni**  York  I,  Ne»  York,  Attn:  Fugene  F.  Murphy,  Ph.D. 

Cnoa  ACtJJCIF.S 

1  Arctic  Health  Research  Center,  'Idbrory,  Post  Office  Bay  908,  Anchcroge,  Alaska 

1  IV.'1J  Telephone  hiborat ones,  .tftirray  Hill,  See  Jersey.  Attn:  Max  S-  Schoeffler 

1  Boeing  Airplane  Conpany,  Central  Vesical  Library,  Box  11*40,  Post  Office  Box  3707, 

Seattle,  Vashingtoa 

1  Boeina  Airplane  Corfuny.  Chief,  Sfoce  Medicine  Section,  Acro-bpcKe  Pivision,  Scottle  24« 
fubfiiogtoa,  Attn:  vr*  Rorney  H.  L^vry,  (Box  19-29) 

1  Boeing  Airplane  Coc{«any,  Library,  Vichiio  Division,  Vichllo  1,  Kinsan 

1  Chrysler  Corporation.  Pox  Hid,  F^igineering  Research  Dv|iirtnent  921,  Detroit  31,  Michigpta* 
Attn:  John  Versace,  Fngr.  F^ychologist 

1  Electric  Boat  Division,  C«*Deral  Dynonics  Corp.,  Hunan  Factorn  Section.  Groton,  Cana 

1  Ford  Motor  Company,  Technical  Infornatioo  Section,  Scientific  Loborotory,  Post  Offion 
Pox  2053,  Dearborn,  Michigan 

1  General  Electric  Conpany,  Technical  Military  Planniag  i^ieration.  Library,  735  State 
Street,  Santa  Barbora,  California 
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leneral  KlectFir  Conpiny.  Ajvanced  Hlectronics  Center,  at  CorneJl  Unirersi  ty,  Ithaca, 

Nes  York 

IW  P.»se>irrh  Center.  Biophysics  Croup.  Box  216.  Yo-  'en  Heights,  Ne»  York,.  Attn:  Dr. 

*.  R.  Cttal 

m  I  s-'b  ora  tor  i  .  Hiinsan  Factors  Divistun.  390  Wa.shint  •  Avenue,  Nutley  10,  NVw  J«rs<?y, 
Attn:  Ftrr*rra  G  I>3/ar.  Ho-cn  Factors  Analyst 

John  Crerar  L.hrury,  86  Fast  Hundolph  Ftiret,  Chicago  1,  ill  mots 

^byo  (.  1  iriic,  Cf*ction  of  Biophysics,  Roch**stt*r,  yirm*sota,  Attn:  Dr.  K^^nn^rth  N.  OgJe 

Mercy  Hospital.  An^^s  hersia  Research  luhoi-j tory ,  Locust  anJ  Pridt*  Streets,  Pittsburgh  19, 
Pennsy  1  vania 

MctcroJa  Incorporat6»d.  Syst^rs  ReSe«jrch  Laboratory.  9330  Itviiana  Airniie.  Riverside, 
Calilcrnia.  Attn:  R.  L.  Freese  Tech  Info  f^pervisor 

National  .Aeronautics  end  S;«rr**  AdxiDis  tra  t  icn,  1S.'?0H  Street,  N.  '*  .  '*dshington  25,  D.  C., 
Attn:  RVrtr.ix  A.  Muicchy.  A.»st  'Jirector  lor  Tr-rhijicul  Information 

Pheer  ‘"iciifcr.e  Corf-oretioo.  1020  North  la  Hrt*a.  I-os  Arvjele.s  38,  Colifornia,  Attn:  Vr. 
ifc .  F. .  r**ulsch.  Fe<id.  and 

'  T»‘crci:'l x>cy  lab outcry,  Luf  cocxi t t«<e  on  Noise,  327  South  Alvcrcoo  Street,  Los 
An;ei»‘S  o7 .  L*-:iifornia 

Syftter.s  Rv5»“.:r'‘h  r**».ter.  !iOcIfh*-«-d  Electronics  Corpony,  lieer-inster ,  Se*  lersev.  Attn: 

R.  F.  •♦*v-'r  Bex  37  .  ’ 

Yerk«rs  L^orrtories  of  IVircte  FioJ  ogy.  Incorporated,  Oraege  fAarIc,  Florida 

VFitU'AL  rCI.Ii:CF -SCHOOL  LItKAPJES  AND  DEPAHTMENTS 

Albany  Veeical  College  Library.  Scotland  Avenue.  Altony  8.  Sew  York 
Antioch  Engineering  Psychology  Reseu*ch  Project.  Yello*  Springs,  Chio 

Powr.cn  Cray  School  of  Medicine  Libxory.  '*irtiton*5aie».  Nor  t  K  Carolina 

Prowr.  University.  P-efurtireht  of  IVychology,  Providence  12.  Rhode  Island,  AtVn:  FYof, 

L.  A.  Riq<;s 

Brno  University,  reparteent  of  Psychology.  Providence  12.  Rhode  IsJond,  Attn:  Prof, 
Hcrclc  Schlosherq.  Consultant 

Colle-'je  of  VHirnl  Evangelists.  White  Merorioi  Medicad  Library.  172D  Brooklyn  Avenue, 

Los  Ar^qeles  33.  California 

College  of  Medical  Evangelists.  Vernier  Radcliffe  Meaoriai  Library.  Lora  Linda,  Cniifornia 

College  wf  Phvsicians  of  Philadelphia,  Library,  19  South  22nd  Street.  PMJadelphio,  3, 
renr.syi  vanid 

Columbia  University.  Depoftaeot  of  Psychology,  Ne»  York  27,  New  York,  Attn:  Dr.  C.  H. 
Gfchoa 

Cclurhia  University  Medical  Library.  630  West  I68th  Street,  Ne*  York  32,  New  York 
Cornell  University  Medico!  ColJeq-*  Library.  1300  York  Avenue,  New  York  21.  New  York 
Creightcn  University.  MedicaJ'Fhornocy  l.ibrary.  1401  Davenport,  Ckcha  2.  Nebraska 
Exory  University,  Ikfpcrlxent  of  Psychology.  Atlanto  22.  Georgia,  Attn:  Dr.  E.  A.  Alluisi 

Florida  State  University,  Dejxjrtxent  of  f^ychology,  Tallahassee.  Florida.  Attn:  Dr 
V.  W.  rkrwsoo 

Fordhaz  University,  Fordhaz  Road.  New  York  58'.  New  York,  Attn:  R.  T.  Zegers,  Sr. 

George  Washington  University,  Huran  Resources  Beseorch  Office,  P.  0.  Box  3596, 

Washington  /.  D.  C.«  Attn:  Library 

Harvord  School  of  F\iblic  Health,  1  Shottuck  Street.  Boston  15,  Massachusetts,  Attn:  Dr* 
Albert  Daron 

llarvard  ?*Vdical  Ubrary,25  Shattuck  Street,  Boston  15,  Massachusetts,  Attn:  Library 

Indiana  University,  Defjartcent  of  Psychology,  BJocmir^gton,  Indiaoo.  Attn:  Prof.  B,  C* 
Davis 

Indiana  Univeisity  Medical  Center.  School  of  Medicine  Library.  1X00  Vest  Michigan  Street, 
Indianapolis  7.  Indiana 

Indiana  University  Medical  Center,  il99  Vest  Michigon  Street.  Indianapol is  7,  Indiana, 
Attn:  Dr.  Harris  B  Shunacker  Jr.«  Prof,  of  Surgery 
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No.  of  VKPU'AL  roLii;t;r  5JHor)i.  Lij'PAHir^>  am*  M:rAHTyf?rrs 

rw)jn«*s 

^  Urjifr-ruity.  Ai>»:U»»y  *rh\si  olcvjy  Hioo- 1  Ir.fiian^i.  Attn!  Dr.  Sid 

H I'M  risen 

}  ^'-ciral  iO^'S  ?.  r**r.;i‘iyl voni a 

1  Ji.4^n  f^ork  1  "j*  riuv«*jsity.  Wirh  I.iriaijr,  I  *^D0  f.  Vutrjr.-nt  r>rr*'»-T.  HnJtiOiore  5, 

VoryJond 

1  Kjrjsos  StJl-  !'niv**rs.ity.  P.s Jt-K^y  HiviMc-n.  trjn,  Mns-js.  Attn:  Dr.  i*‘iJJioin 

iV-von 

1  H:;r  :i-tft  t«*  *’r.:  Vf?f i  tv.  y.-d  j  t**!  1  - '  wnto  i  Lii  SCO  S'-irth  lC:h  Vi  J*trjlc*-e,  Wisconsin 

1  iVIit-Ot*  of  \  u  ;»i;iu.  To-j  kjns-Vc^'o-  !ahrory.  Un  r.rord  19,  Vjrt;irija 

i  V'rk  Tn:  *.>*i  s  1 1\ .  rcJ.Vc**  f  i  •  r  i  n;5  }:  i’Av:siorj.  'ST  /th  Aveout^*,  NV*  York 

V*-*  York. 

1  %'•■*  Y:,rii  Aoio^-ry  of  ‘.cii.*-  l_irr«iiy.  2  Ktsi  ICjra  V*  •  Y-rk  79,  NV»  York 

1  York  i’ni '-.-r  .s.  t  y  '^i-riitvil  r*-rtt^r,  V»-dir'ij  l.itrary,  Y'O  K’.rst  Av»»r:u**.  V*-**  York  It’-  .N.  Y. 

1  S  ?:  t  r;«-*sT**f {.'niv»*rs  :  ty,  IVyj-cr  cf  Psycr.oL>|y ,  ron ,  linnois.  Aitn:  WiJJian*  A. 

Sunt 

I  S  f  n  '.’r. ;  vet  si  ty  •Vcit.'ul  Schcoi.  Arrhih'-id  C*ufca  l.iLfJry,  F!  Oiiooqu  Av<--r.Ut*. 

r ''it.v  1 1 .  1 1 J  loois 

I  th;.'  Stitr*  !’r!i  v*f  Si  ty  IVj,**-?rrh  fSrvc.of.  Vwutjor.  Psy^holoijy  ILaborotory,  1314 

FY*r.r.vor  Hj»r^.  Tolurbuk  12,  iti'.o 

1  vhio  rr.iv.-i>ity  lV.<“0?ch  sVnti^r,  I  svck&l  injuist  ics  I/d:or':tory,  1314  Kt'imear  Rf'od, 

<'o!urlus  12.  Yf.io 

1  i-Mc  Stoic  l*ni v^  1  Si  :v.  Tw}«j2  lot  rurv.  Schcol  of  0}>t»»»fiiy,  WV-,  t  10th  Avenue,  roJ'.Wibua 

!0,  Chic 

1  i“r.iO  r«t.;:e  f%*hool  of  rYtc?.«*t ry .  foluirfcus  10.  Clao,  Attn:  Clcnn  A.  Fiv.  Dir, 

1  'Vj.-.r.  V‘.-iiC3*  l.ihroiy.  I‘?h6  Wtrt  Hirfisp?i  r:.ic*igo  12,  Illinois.  Attn: 

l.in  ir  ten 

1  St:r.f"‘ra  PnivctF-ity.  Ume  Ijbroiy,  500  fvistcuc  Rc*j'i,  Pole  \lto.  Californio 

1  Stanford  f'nivcfsity,  rw«fortr«*r:t  of*  Hiystolot^y.  Stanford,  rtilifornic,  Attn:  J,  M. 

Crisn.*»n.  V,*^. 

1  Stu?«*  !’:.tv»:s;ty  <4  To»d,  Colltnjr  of  V,*<3irjr.c  I.ihrory,  Vwiicol  Laboratories  Puilding, 

Triha  City,  I«)*a 

1  Stet-  Cnivexsitv  of  V«**  York.  fV*r.i!.itc  V-'Cicol  r«.nter,  Deportrent  of  Anesthesiology. 

4  jO  ri  jfic.sti.  Avenue,  PiockJyn  3,  SV*  York 

1  .Ymic  rni*..rsitv  ef  N»**  York,  Io»r.st.»tv  Veiicol  tVnier,  M*'dicai  Library,  450  CJ-arkson 
Avenue,  Prc».i<jyii  3,  SV«  York 

1  Tejkr;s  *‘Viicr:l  Center  Lxhrory.  ,Vss**  H  Jon«s  Library  Puilding.  Houston  25,  Texas 

2  T'jfts  Pai Verst  ty  Institute  fr-r  Afpljed  Tv; '  r irenlol  Psychology  ,  Vedford.  Mossorhusett* 

1  Tuiune  Ifniversity,  SrhooJ  of  Mie^ivir.e.  14'V)  Tul  me  Avenue,  NV»  Orleans  12,  louisiona, 

Att.i!  G  r.  IVjfch,  V.O,.  Piafessor  of  “A-dicine 
1  W.*st  Vtrijinn  Vn4versjty.  ?****iical  r**i*ter  Litrrry,  Mort/inlo*n,  West  Virginia 
1  I'niv'TSity  of  Alabora.  VWdicuJ  Center  Libr ;.ry,l919  Seventh  Avenue  South.  Hirpinghoa  3, 

A Jabaro 

1  Vn iv*-rr»i ty  of  Aritonso^,  Wdircl  Center  Library,  4301  West  Harkhor,  Little  Rock,  Arkansas 
1  tJniversity  of  Puffdlo,  D«»futr,nt  of  Psychology,  f^ffaJo  14,  New  York 
1  University  of  Puffalo,  Health  Sciences  Lihrory,  Copen  Hail  l4l,  Puffdlo  14,  New  York, 

Attn:  lubrarian 

1  University  of  California,  Vt'dio'il  Center,  Riowedicnl  librory,  Ixie  Angeles  24,  California 

1  University  of  Chicago,  liitoiotory  of  Physiological  Psychology,  rocully  FIxchange  Box  184, 

Chicago  3T,  IJIinois,  Attn:  1.  D.  Neff 

1  University  of  Illinois  Airyort.  Aviatim  Psychology  laboratory,  .Savoy.  Illinois 
1  University  of  Illinois,  IVjartreni  of  P'lycholoqy,  UrLana,  IJIinois.  Attn:  W.  E.  Koppauf 

1  University  of  Illinois,  IViartrent  of  PaychoJo^y,  Troining  Research  laboratory.  45  Lincoln 

HoJi,  Urbono,  Illinois.  Attn:  Profesnor  lawrence  M  Ntolurow,  PhJ). 

1  University  of  Illinois,  Doc  -  enis  Division,  Urbona.  Iliinois 

I  University  of  Illinois,  Speech  Hearing  Clinics.  601  E,  John  Street.  Chamixiign,  Illinois, 

Attn:  John  J  O'NeiJJ 

1  University  of  Konsos,  VedicaJ  Center,  CJendening  Vedirol  Ubrary.  Kansoc  City,  Kansas 

3  Uriversitf  of  Louisville.  School  of  Medicine  *Jbrary,  101  V.  Chestnut. St.  Louisville.  Ky. 


Mn»icAi.  cajj:a:.si*HocM-  i.vmHUs  am»  urrAHiyrNTs 


1  l-nivtraity  of  yjar*!,  T^'n***'*  of  of  Ophtho]eolo»jy.  Mjiuvi  3t»,  riort'i’H 

I  l-T- ’  V*.  r  ai  t  Y  oi  Miihuyir..  4S0t»  Ktt-s'i.'  }v*s;*-*Trcl^  Ann  A/boi,  VicrjiO'jn, 

At?n'  Hr.  y«*r  K*  ljjmzf*nor 

1  lntv%*rsity  of  yichujan.  JVricls  and  Duoj»^nts  ric^'tion.  fVrj*»f'3l  IjLrary,  Ann  Arbor. 
Vii'hjch';i 

1  I'-ivt^rsiiy  of  yinn*‘so!a  lanrory.  S*»fial»  I'tvisioo,  Minr.»^f<ui  is  14.  Minr^sota 

1  Inivrrsiiy  of  N^'hrasko.  Ci>ll«sj<  of  Wt-d ici n**  l^hr  .ry,  4«nd  otjG  Iv»»y  Avrnu**.  fbkiha, 

NVbroaka.  Attn'  Ijbrorion 

1  L*n:v«*isiiy  of  S’l'rtii  Oirolt^i,  i  ivisi«.>ti  of  Aifoirs  Libruiy.  North  Carolina 

SV-rr^i-r  ioJ  tjJ .  Chaf*i  Hill.  Noi  th  ('aroJii«3 

1  Cniv**iu*ty  of  North  CuroJinu.  T^-jar tn»*nr  of  Mt-dicirw*.  Okii;*']  Hill,  North  Carolino, 

Att'i'  j)r.  Hichaid  L.  iHcsoo 

1  1‘nivtM  .s  1  ly  of  North  ('uiolina.  Sthooj  .-f  i>*fn:r  trent  »f  Physiology,  Hill. 

Nor  t  h  ‘"o  r  ol  irw 

I  L’ntveisitv  02  vVlohoff.o.  yedi<Ml  C**i»t**r  l.ii:rory,  ^01  N.  f*.i3rh  CV  lohoso- Ci  ly  4, 

Otlohccu 

1  I'nivt-rsity  c*l  r»,  I-.r2:»H>i  Ijrr-:iy,  Purtlnnd  1,  Ci*"5on,  Attn:  labrariac 

1  I’r.iWfsity  gf  Pittsburgh,  f'll*  l.iffi'.ry  of  tN-  H«<iilh  Professions.  Pittsl.urqh  13.  Pa 
1  University  af  Pi  t  r.shiir*;l».  CiJiIuJle  School  cf  llihlic  Ik-ulth,  Pittsburgh  13,  fo 

1  l’:uv»*riiiiy  of  n.*.<  h,*st**r .  r<ej.nf  tr<T.l  of  Ps^irholcyjy.  Pc?chest*»r  ?0.  Ne»  York,  Alto:  - 

S.  I).  S.  -Spr*i;q 

2  U  n  i  V  v'rsitv  of  Tennessee.  Coile*:e  of  VcOiCin**,  Clini'’al  rKv.siolo<,y  •  Institu*  •  of 

Cl  inical  Inves  1 1  jct  ions .  b‘.i  ^k>uth  i\inlci  ,  ye»{,?;is  3.  T»*rinessee 

1  I'niveisity  of  r»'ntt.*ss«*e,  V»*cicol  rmts.  V-joney  yexoriol  I.itr':ry,-  62  routb  IX»nlaj., 

VeTJjjr.ii  3,  Tenness**e 

1  Uaivffsity  of  Ul-ih.  Vediroi  Igbtory.  foil  Lake  City.  12,  Utah 
1  ■  University  of  Verrunt.  Coll**qe  of  ^♦‘dicine  lakrury.  ikifliryjtun.  Vermont 

1  University  of  Virginia.  Oivision  of  fkfucat ion<il  Keseorch,  Cld  C.obell  Hall, 

Clior  lot tesvi  1  Ic .  Virginia 

1  Univcisily  of  Vir  ;inia.  yoiiaii  librory.  University  Hosj>itol.  Chorlolt^svi  lle,  Virginia 
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Page  4,  '^•*1.  line  from  bottom,  should  read'  The  difference  between  the 
gi  oups  was  fouixl  to  be  significant  at  the  .01  level. 

Page  7,  Footriote  Table  1,  sho'ilc)  rc,ad'  ,01  level  of  significance. 
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